Figure S-1 Glass spherules in laser chamber pits before (left) and after (right) CO2 laser heating. All glass spherules turned from green to colourless by heating to high temperature.
Air aliquots were used to determine the analytical sensitivity and reproducibility for neon and argon, whereas standard HESJ (He Standard of Japan) of Matsuda et al. (2002) with a 3 He/ 4 He ratio of 20.63 ± 0.10 RA (where RA is the atmospheric 3 He/ 4 He ratio) was used as a helium standard. The reproducibility (1 s.d.) of standard measurements was 4 % for helium and 1 % for neon and argon abundances, whereas the reproducibility of the isotopic ratios 20 Ne/ 22 Ne, 21 Ne/ 22 Ne, and 36 Ar/ 38 Ar was 0.2 %, 0.6 %, and 0.4 %, respectively. Nonetheless, given the very small sample masses analysed here, uncertainties on noble gas concentrations (per gram of sample) are controlled by the precision of the weighing scale (i.e. ±2 g) and are on the order of 8 to 15 %. Procedural blanks, with the laser off, averaged 2.5  10 -16 mol 20 Ne and 2.1  10 -17 mol 36 Ar. Helium blanks were below the detection limit. Blankcorrected He-Ne-Ar abundances and isotope ratios for the twelve single 15426 green glass beads are given in Table S-2. Heating steps for which the blank contribution to the measured neon and abundances represents ≥25 % are reported in italics.
Figure S-2
20 Ne/ 22 Ne ratios (corrected for instrumental mass discrimination) as a function of the 22 Ne signals (in counts per second, cps) for air standards and Apollo 15426 green glasses analysed by step-wise heating. The variable count rates for the air standard measurements were obtained by varying the amount of gas introduced into the mass spectrometer through volume dilution in the volume-calibrated purification line. The horizontal dashed line indicates the 20 Ne/ 22 Ne ratio of the terrestrial atmosphere (= 9.80 ± 0.08; e.g., Porcelli et al., 2002) . Uncertainties (1 s.d.) are smaller than symbol sizes. Heber et al., 2009) . However, neon implanted into lunar samples by SW irradiation has a significantly lower 20 Ne/ 22 Ne value of 11.2 to 12.8 (Grimberg et al., 2006; Péron et al., 2017) , consistent with the data obtained here for 15426 green glasses ( 20 Ne/ 22 Netr = 12.42 ± 0.05; Fig. 2a ). The distinct isotope composition results from both the depth-dependent isotope fractionation upon implantation of SW due to the higher energies and greater penetration depths of heavier isotopes -as demonstrated by Grimberg et al. (2006) for the implantation of SW neon into a Genesis target -and the removal of near-surface-sited SW gas by ion sputtering (Wieler et al., 2007; Raquin and Moreira, 2009) . In contrast, the neon isotopic signature of the cosmogenic endmember depends on the chemical composition of the sample and the irradiation conditions (i.e. solar (SCR) versus galactic cosmic rays (GCR); shielding depth); the ( 21 Ne/ 22 Ne)cosm ratio of mare basalts varies between 0.8 and 0.9 (e.g., Füri et al., 2015) , and an average ( 21 Ne/ 22 Ne)cosm value of 0.93 has been reported by Leya et al. (2001) for the lunar regolith. Since the irradiation conditions of 15426 green glasses are unknown, and the major element composition of the glass beads studied here has not been determined, we use the lowest (0.035) and highest (0. Hohenberg et al., 1978) , and ( 36 Ar/ 38 Ar)tr represents trapped SW-derived Ar. SW Ar is characterised by a 36 Ar/ 38 Ar ratio of 5.47 ± 0.02 (Heber et al., 2009) , whereas trapped, surface-correlated Ar in lunar soils generally has a lower isotope ratio of ~5.2 to 5.35 (e.g., Bogard and Hirsch, 1978) . The gas-richest sample in this study yields a 36 Ar/ 38 Ar ratio of 5.51 ± 0.02 at the first heating step; this value is adopted here for trapped argon.
Noble Gas Component Deconvolution and Exposure Ages
Based on the two-component model, we estimate that for eight out of the twelve glass beads, ≥92 % of the total 21 Ne content has been produced in situ by cosmic ray induced spallation reactions during space exposure (Table 1) , and the amount of cosmogenic 38 Ar represents between 41 and 87 % of the total 38 Ar content. The four spherules with the highest measured He-Ne-Ar abundances contain ~33 to 84 % 21 Ne of cosmogenic origin with a small fraction (~9 to 25 %) of 38 Arcosm. Accordingly, the abundance of trapped 22 Ne varies between 5 and 61 ( 10 -12 ) mol/g for eight beads, whereas the four gas-rich spherules record 22 Netr concentrations between 189 and 4480 ( 10 -12 ) mol/g. While this trapped component is predominantly extracted at the first heating step -consistent with surface implantation by the SW -the gas-rich glasses release up to 617 ( 10 -12 ) mol 22 Netr/g upon sample melting.
The abundance of cosmogenic nuclides in lunar samples depends on the duration of exposure to cosmic rays and the production rates, which themselves are a function of the chemical composition and the irradiation conditions. Given that the lunar regolith is stirred to considerable depths by meteorite impacts, individual soil grains are unlikely to have acquired all their cosmogenic nuclides at a constant depth. Here, we estimate the cosmic ray exposure (CRE) ages by adopting an average production rate for the top 100 g/cm 2 of shielding, and by assuming that contributions from SCRs are negligible. Neon isotope production rates by SCRs are significantly higher than those by GCRs at the uppermost lunar surface (e.g., by a factor ∼20 for 20 Ne; Hohenberg et al., 1978) ; thus, any contribution of SCR-derived neon is expected to result in a noticeable shift of the 21 Ne/ 22 Ne ratio to lower values than observed here (≤0.75; Füri et al., 2017) . Based on the 2 exposure model of Leya et al. (2001) , the production rate of cosmogenic 21 Ne by GCRs is on the order of 6.7 ± 1.2 ( 10 -14 ) mol(g rock) -1 Ma -1 , using an averaged composition for the Apollo 15 green glasses (Table S-1). The production rate of cosmogenic 38 Ar is less well known (Füri et al., 2017) . The numerical model of Hohenberg et al. (1978) yields a value of 2.5 ± 0.7 ( 10 -14 ) mol(g rock) -1 Ma -1 for the green glasses, but it significantly underestimates the noble gas nuclide production rates compared to the model of Leya et al. (2001) . Empirical 38 Arcosm production rates from Bogard et al. (1971) and Spangler et al. (1984) range from 4.1 to 4.5 ( 10 -14 ) mol(g rock) -1 Ma -1 . We use here the latter values, as they yield CRE ages (T38) that agree, in most cases, within uncertainties with those derived from the 21 Necosm (T21) concentrations (Table 1) . We note, however, that new physical models are crucially needed to reliably determine the depthdependent production rates of cosmogenic argon isotopes in 2 exposure geometries by GCRs. Table S -2 Helium, neon, and argon abundances and isotope ratios of twelve single Apollo 15426 green glass beads. The isotopic composition of solar wind (Heber et al., 2009) , chondritic (i.e. A, Q; Busemann et al., 2000 , and references therein), and terrestrial (Stuart et al., 2003; Yokochi and Marty, 2004; Péron et al., 2017) Ne, and 36, 38, 40 Ar in 10 -12 mol/g. Uncertainties on noble gas concentrations are on the order of 8 to 15 % for the largest and smallest sample masses, respectively.
